mills (P Jappinen, academic dissertation) and oil refineries. Blood sulphide may be used as an indicator of an excessive human hydrogen sulphide exposure. Fatal hydrogen sulphide concentrations are known.34 Blood sulphide concentrations have been determined before by ion selective electrodes combined with Conway microdiffusion cells but only high concentrations, 1 70-375 mg/l, in fatal cases could be detected by this method. 4 Recently, the method using ion selective electrodes has been improved by preconcentration of trapped sulphide in sodium hydroxide solution.5 This new application allows blood sulphide determinations at low concentrations and it is thus suitable also for non-fatal hydrogen sulphide poisonings.
Although decreased activities ofhaem synthesising enzymes, especially delta-aminolaevulinic acid synthase (ALA-S) and haem synthase (Haem-S) have been reported to occur in workers exposed to hydrogen sulphide and methyl mercaptan,6 it has been difficult to assess the severity of hydrogen sulphide poisoning in non-fatal cases. The aim of the present work was to evaluate the usefulness of blood sulphide concentrations and activities of haem synthesising enzymes in this respect. A sample of 15 ml of blood for blood sulphide was taken as soon as possible after the accident. Three blood samples were taken for analysis of the activities of haem synthesising enzymes. The first sample was taken immediately after the accident, the second after one week, and the third one month after the accident. The patients were examined by their plant physicians and clinical symptoms and signs were recorded.
Material and methods
The blood sulphide was analysed in the first samples according to the method of McAnalley et al 4 and in the succeeding samples by the improved method.5 The activities of haem synthesising enzymes were determined by the methods described earlier. ' Results There were six cases ofhydrogen sulphide poisoning with initial blood samples collected in less than two hours and with subsequent blood samples to assess changes in haem metabolism (table 1). The estimated average duration of hydrogen sulphide exposure was 4*5 minutes and the mean of initial blood sulphide concentration was 75 pg/l (range 30-130 gg/l). Two subjects had been unconscious for 5-10 s, according to the supervisors and co-workers.
The ALA-S activity was lower in the subjects than in the controls already in the initial blood sample (cases: mean 0-21 pmol of 6-aminolaevulinic acid formed/h x 10' reticulocytes, SD 0-09; 20 control subjects: mean 0 50, SD 0-18) and decreased still in one week (mean 0-19, SD 0-17). The decrease was most prominent in the subjects with an initial blood sulphide concentration of more than 100 yg/l. In three subjects the ALA-S activity was even more decreased one month after the accident but the main activity of the whole group did not differ from that found one week after the accident.
In the subjects presented in In four cases in table 2 (cases 7-10) the blood sulphide concentration was determined with the Conway microdiffusion cell method, with a detection limit of about 100 ig/l. The sulphide concentration was below the detection limit in all these cases. In seven cases (cases 11-17) the sulphide concentration was determined with the improved method, with a detection limit of about 10 pg/l, but the delay in collecting the samples may have affected the results.
Furthermore, there were four subjects with rather high or prolonged exposure, all being initially unconscious but with insufficient blood samples for assessing haem metabolism (cases 18-21, table 2). Three (cases 19-21) were Swedish, and the long shipping time of the sulphide samples may explain the low sulphide concentrations detected despite exposure with unconsciousness.
Discussion
Biochemical findings in subfatal hydrogen sulphide poisonings have rarely been reported. To achieve reliable results in blood sulphide analysis, the sample has to be taken as soon as possible (not later than two hours) after the accident to be delivered and analysed without delay.
Although both ALA-S and Haem-S activities decrease after hydrogen sulphide poisoning, no definite conclusions on the degree of exposure can be drawn from the decreases ofthese activities. Furthermore, it should be noted that other sulphur compounds, mainly methyl mercaptan, may occur in pulp mills simultaneously with hydrogen sulphide, with analogous effects on haem metabolism.
Analysis of blood sulphide is a way to single out hydrogen sulphide poisonings from other chemical exposures or attacks of ill health occurring at workplaces. The analysis has also a forensic aspect. Although the analyses are rather laborious, the blood sulphide and haem analyses should be considered as practical means of diagnosing an acute hydrogen sulphide poisoning. This work was supported by the Finnish Work 
